Subjects and Methods
The Colorado Multiple Institutional Review Board reviewed the protocol, and because this report includes only a review of deidentified, previously collected data and there was no interaction, no intervention, and no privately identifiable data collected from living human beings by our team, the Institutional Review Board determined that this research did not meet the definition of research involving human subjects.
A. BRFSS Survey
The yearly BRFSS survey started in 1984. All 50 states, the District of Columbia, Puerto Rico, Guam, and the US Virgin Islands now participate. It is administered by the Centers for Disease Control. The objective of the BRFSS is "to collect uniform, state-specific data on preventive health practices and risk behaviors that are linked to chronic diseases, injuries, and preventable infectious diseases that affect the adult population" [11] . Each year there are "core sections," which every state includes, and several "optional modules" states can choose to include. In 2014, the BRFSS offered an optional "sexual orientation and gender identity" module, which 19 states and Guam included in their survey. In 2015, 22 states (Colorado, Connecticut, Delaware, Georgia, Hawaii, Idaho, Illinois, Indiana, Iowa, Kansas, Maryland, Massachusetts, Minnesota, Missouri, Nevada, New York, Ohio, Pennsylvania, Texas, Virginia, West Virginia, and Wisconsin) included this module (module 21) [12] .
B. Study Subjects
Participants in the BRFSS include noninstitutionalized adults age $18 years who reside in the United States, identified through telephone-based methods (cellular and landlines). Question #2 of the "sexual orientation and gender identity module" asked, "Do you consider yourself to be transgender?" Of the 199,113 respondents in the 22 states that included the "sexual orientation and gender identity" module in the 2015 BRFSS survey, 169,559 respondents answered this question. Of those, 2500 (1.5%) refused or did not know, leaving 167,059 (98.5%) respondents for the analysis.
For the cardiometabolic analyses, respondents with chronic obstructive pulmonary disease or cancer were also excluded (n = 27,870, 16.7%) because these conditions could bias the results. These conditions were excluded because chronic obstructive pulmonary disease is known to increase the risk of cardiovascular disease by twofold to threefold [13] . Cancer was excluded because the type of cancer was not specified, and certain past or present treatments for cancer may increase the risk of cardiometabolic disease.
C. Data Elements and Definitions
If respondents identified as transgender, they were then asked, "Do you consider yourself to be (1) male-to-female, (2) female-to-male, or (3) gender nonconforming?" If the participant asked about the definition of transgender, the interviewer replied, "Some people describe themselves as transgender when they experience a different gender identity from their sex at birth. For example, a person born into a male body but who feels female or lives as a woman would be transgender. Some transgender people change their physical appearance so that it matches their internal gender identity. Some transgender people take hormones, and some have surgery. A transgender person may be of any sexual orientation: straight, gay, lesbian, or bisexual." If the participant asked about the definition of gender nonconforming, the interviewer note stated, "Some people think of themselves as gender nonconforming when they do not identify only as a man or only as a woman" [12] .
C-1. Demographic characteristics
For demographics (section 7), we extracted age, sex, race, ethnicity, marital status, completed level of education, employment status, income, and sexual orientation. The response categories for all variables are shown in Table 1 . For the sex variable, the following instructions to the interviewer were included: "Indicate sex of respondent. Ask only if necessary" (male or female). The sex of the respondent may have been asked in the screening process if the call was made to a landline and there were several adults in a household (e.g., the interviewer would ask to speak with the "oldest male"), and then the sex would not be asked again. It is not known what percentage of the time the sex was inferred.
C-2. Health status
For health status, we report on health status (BRFSS section 1), number of healthy days (section 2), health care access (section 3), tobacco use (section 8), alcohol consumption (section 9), and exercise (section 11). Specific measures included general health rating (excellent, very good, good, fair, or poor, which we categorized into a binary variable: excellent/very good/good vs fair, poor); activity limitation due to physical, mental, or emotional problems; number of days their physical health was not good; number of days their mental health was not good; number of days their physical or mental health was not good out of the last 30 days (we categorized the number of days into 0 to 13 days or $14 days); for those ,65 years old, whether they have health care coverage (because Medicare eligibility begins at age 65); whether they have one or more primary doctors; length of time since their last routine checkup; current smoker; binge drinking (defined as drinking $5 drinks on an occasion for men or $4 drinks on an occasion for women); and whether they are meeting aerobic exercise recommendations (calculated as 150 minutes of moderate-intensity aerobic activity or 75 minutes of vigorous activity per week). All percentages and CIs were design adjusted, whereas sample size was not.
C-3. Cardiometabolic disease
For cardiometabolic disease we reported on overweight or obesity, history of hypertension (BRFSS section 4.1), MI (section 6.1), angina or coronary heart disease (CHD; section 6.2), stroke (section 6.2), or diabetes (section 6.12). Body mass index was calculated from reported weight and height (weight in kilograms divided by height in meters squared); overweight was defined as a body mass index of 25 to 29.9 kg/m 2 and obesity as $30 kg/m 2 .
D. Data Analysis
The primary outcome for health status was no health care coverage, and the primary outcome for cardiometabolic disease was MI. Weighted percentages and 95% confidence intervals (CIs) were calculated for the demographic categories for transgender vs cisgender adults and for the subgroups of transgender adults (FTM, MTF, GNC). Design-adjusting Rao-Scott x 2 tests were used to compare differences between groups. All health status and cardiometabolic outcomes were binary; logistic regression was performed to estimate unadjusted and adjusted odds ratios (ORs), 95% CIs, and P values. Adjusting variables included categorical age (18 to 24, 25 to 34, 35 to 44, 45 to 54, 55 to 64, or $65 years), race or ethnicity, and income. Only adjusted results are presented here because there were differences in health status measures and cardiometabolic health measures between the unadjusted results and the adjusted results. To preserve the sample size in the subgroups of interest, a missing category was added to income (data missing for 15% of respondents). Those missing race or ethnicity (missing for 1%) were categorized as "Non-Hispanic white." No respondent was missing age. Custom hypothesis tests in proc surveylogistic were constructed to test differences in the six-category transgender variable via an F test, specifically FTM vs cisgender women, FTM vs cisgender men, MTF vs cisgender women, MTF vs cisgender men, gender nonconforming adults with a recorded male sex (GNC-M) vs cisgender men, and gender nonconforming adults with a recorded female sex (GNC-F) vs cisgender women for all health status and cardiometabolic health measures. A dichotomous variable replaced the six-category variable to test transgender vs all cisgender.
To account for noncoverage and nonresponse bias, the data are weighted with an iterative proportional fitting technique called raking. Raking accounts for both the sampling design and nonresponse to the survey. The Centers for Disease Control provides these weights along with details of the weighting technique on their Web site [11] . Incorporating weights is important in analysis of survey data because it adjusts results so that they are more representative of the true population (e.g., if a particular stratum is oversampled this would be corrected through weights) and adjusts for nonresponse bias. All analyses were conducted with SAS version 9.4 (SAS Institute, Inc., Cary, NC). Given the number of comparisons, a more conservative alpha of 0.01 (two-sided) was considered significant.
Results

A. Demographics
Of the 167,059 (98.5%) respondents in the analysis, 764 answered "yes," they identified as transgender (0.57%; 95% CI, 0.50% to 0.65%). Of those who answered "yes," 369 identified as MTF (0.29%; 95% CI, 0.24% to 0.34%), 239 as FTM (0.16%; 95% CI, 0.12% to 0.21%), and 156 as GNC (0.13%; 95% CI, 0.09% to 0.16%). A total of 166,295 respondents answered "no," they did not identify as transgender (reported here as cisgender, 99.42%; 95% CI, 99.35% to 99.50%). The results provided represent unweighted frequencies and weighted percentages.
The demographic characteristics of all transgender, all cisgender, FTM, MTF, and GNC adults are shown in Table 1 . There were significant differences in demographics between transgender and cisgender adults for sex (P , 0.001), race or ethnicity (P , 0.001), sexual orientation (P , 0.001), employment status (P = 0.001), completed level of education (P , 0.001), and income (P , 0.001).
There were significant differences between transgender groups (FTM vs MTF vs GNC) for age (P = 0.002), sex (P , 0.001), and completed level of education (P = 0.009). It appears that there is a trend toward a younger age group for those who identified as GNC. The sex variable is different between groups, and the results show that some transgender adults answered this question based on their natal sex and others based on their gender identity.
B. All Transgender Compared With All Cisgender Adults
Weighted percentages and 95% CIs for all measures of health status and cardiometabolic health for all transgender compared with all cisgender adults are listed in Table 2 . Transgender adults had a higher odds of lacking health care coverage (OR 1.7; 95% CI, 1.2 to 2.5; P = 0.006). Transgender adults did not have a higher odds of reporting overweight or obesity, hypertension, MI, angina or CHD, stroke, or diabetes.
C. FTM Compared With Cisgender Adults
Comparisons of health status measures between FTM adults and cisgender men and women are listed in Table 3 (weighted percentages and 95% CIs) and Fig. 1a (adjusted ORs and 95% CI). FTM adults were significantly more likely to lack health care coverage than both cisgender women (OR 3.8; 95% CI, 2.1 to 7.1; P , 0.001) and cisgender men (OR 2.5; 95% CI, 1.4 to 4.7; P = 0.003).
Comparisons of self-reported cardiometabolic disease between FTM adults and cisgender men and women are listed in Table 4 and Fig. 2a . There were no differences in self-reported cardiometabolic factors between FTM adults and cisgender men or women. 
D. MTF Compared With Cisgender Adults
Comparisons of health status measures between MTF adults and cisgender men and women are listed in Table 3 and Fig. 1b . There was no significant difference in health insurance coverage for MTF compared with either cisgender men or cisgender women. MTF adults were more likely to report binge drinking than cisgender women (OR 2.2; 95% CI, 1.3 to 3.6; P = 0.003), but there were no significant differences compared with cisgender men.
Comparisons of self-reported cardiometabolic disease between MTF adults and cisgender men and women are listed in Table 4 and Fig. 2b . MTF adults had higher odds of reporting an MI than cisgender women (OR 2.9; 95% CI, 1.6 to 5.3; P , 0.001) but not cisgender men.
E. GNC Compared With Cisgender Adults
Comparisons of health status measures between GNC adults and cisgender men and women are listed in Table 3 and Fig. 1c and 1d . There were no significant differences in health status measures between GNC-M adults and cisgender men (Fig. 1c) . GNC-F adults had several significant differences in health status measures compared with cisgender women (Fig. 1d) . They had a higher odds of reporting that their mental health was not good $14 days out of the last 30 days (OR 5.3; 95% CI, 2.03 to 13.7; P , 0.001), that poor physical or mental health prevented usual activities for $14 days out of the last 30 days (OR 7.1; 95% CI, 1.8 to 27.6; P = 0.005), and that it had been more than a year since their last routine checkup (OR 3.8; 95% CI, 1.6 to 8.9; P = 0.002).
Comparisons of self-reported cardiometabolic disease between GNC adults and cisgender men and women are listed in Table 4 and Fig. 2c and 2d . There were no significant differences in self-reported cardiometabolic measures between GNC-M and cisgender men or GNC-F and cisgender women.
Discussion
This report on the health status and cardiometabolic health of specific subgroups of transgender adults in the United States is based on national survey data. We show that although Design-adjusted percentage and 95% CIs for self-reported health status measures of disease among transgender individuals (including FTM, MTF, GNC-M, GNC-F) and cisgender adults (including Cis M and Cis F). Significant results for adjusted ORs (see Fig. 1 ): Statistically significant difference between either FTM, MTF, or GNC-F and cisgender women ( transgender adults are more likely to lack health care coverage than cisgender adults, this difference appears to be specific to FTM adults. MTF and GNC adults in this sample do not have any differences in health care coverage compared with cisgender adults. MTF adults had higher odds of reporting MI compared with cisgender women but not men.
In this analysis, 0.57% of the adult respondents in the 2015 BRFSS survey identified as transgender. There appear to be differences in the age distributions of FTM, MTF, and GNC adults, with the GNC group having the highest percentage of participants between ages 18 and 24 years. In a report on 417 transgender adults in Colorado, 24% of respondents identified as gender queer or gender fluid, agender (or no gender), or other [14] . In the Human Rights Campaign's 2012 Youth Survey, 9% of youth (925/10,000) identified as gender expansive, with one-third identifying as transgender and two-thirds as other [3] . The US transgender population is increasingly younger, and a greater proportion of young people fall somewhere in the middle of the gender spectrum, reporting GNC, gender fluid, or agender identities. The characteristics of this population are distinct from those who identify as MTF or FTM. In this report, we show that there were no significant differences between GNC-M adults and cisgender men. However, there were several significant differences between GNC-F adults and cisgender women. GNC-F adults reported higher odds of poor mental and physical health than cisgender women. They were also more likely to report it had been more than a year since their last routine checkup. These differences in the health status of GNC adults deserve additional study, especially because this is a rapidly growing segment of the US population. Furthermore, unlike MTF and FTM adults, who often seek medical advice for medical or surgical therapies as a part of their transition (gender-affirming hormones such as testosterone or estradiol and gender-affirming surgeries), it is unclear what, if any, medical or surgical therapies are desired by GNC youth and adults. Lastly, the higher rate of poor physical and mental health, particularly in a segment of the GNC population, warrants additional investigation to determine how best to support this group. Contrary to our initial hypothesis, our analysis suggests that the lack of health care coverage in the transgender population is specific to the FTM population and probably accounts for the overall difference in health care coverage previously reported between transgender and cisgender adults [1] . The BRFSS survey did not specifically ask respondents whether they were prescribed gender-affirming hormones, a part of physical transition for many transgender people [6] . It is unclear why there would be a difference in health care coverage for FTM adults because previous surveys have shown that most transgender adults are on hormone therapy [4] , which would generally require frequent doctor visits.
MTF adults had higher adjusted odds of reporting MI than cisgender women but not men. We hypothesized that MTF adults would have a higher odds of MI compared with both cisgender men and cisgender women, based on the available literature. There are limited data on the long-term cardiometabolic health of transgender people, especially in the United States, with which to compare our data. Previous reports using BRFSS data have shown that transgender adults have a higher odds of reporting MI when adjusted for age, but this difference was not broken down by transgender subgroup [1] . Studies in the Netherlands have shown that MTF adults have higher mortality rates from ischemic heart disease compared with the general population (standardized mortality ratio 1.64; 95% CI, 1.43 to 1.87), and the use of ethinylestradiol is significantly associated with cardiovascular mortality (hazard ratio adjusted for age and smoking of 3.64; 95% CI, 1.52 to 8.73) [15] . A recent review showed that estradiol therapy in MTF adults may be associated with an increase in cardiovascular mortality [9] . We do not know what proportion of MTF adults in the 2015 BRFSS survey were on estradiol but in 2010 a national survey found that 71% of MTF adults were on hormone therapy [4] . However, use of ethinylestradiol has fallen out of favor [16, 17] , and long-term studies on the effects of oral 17 beta-estradiol or transdermal estradiol, the preparations primarily used in the United States, are lacking. This is an important area of study because there are known sex differences for heart disease risk, with higher rates in cisgender men compared with women [18] . The sex hormones estradiol and testosterone can both be a risk factor and a protective factor for heart disease and diabetes in cisgender adults [19] [20] [21] [22] [23] [24] . In cisgender women, estrogen/progestin combination therapy has been associated with increased risk of MI and stroke [25, 26] . The effects of hormone therapy on heart health are of critical importance for transgender adults, and additional studies are needed to delineate the genetic and hormonal effects on MI. If most of the MTF adults in this study were on estradiol (which we do not know), these data may suggest that estradiol therapy in this population does not markedly increase MI or stroke risk above that associated with their biologic sex because there were no differences in odds of self-reported MI or strokes in MTF adults compared with cisgender men. Furthermore, if most of the FTM adults in this study were on testosterone, these data may also suggest that testosterone does not increase cardiometabolic disease because there were no differences between FTM adults and cisgender men and women.
Strengths of this study include the highlighting of important health status differences in subgroups of transgender adults in a large group of MTF, FTM, and GNC adults in the United States. There are several limitations, including the fact that this is a secondary data analysis using self-report data from 22 states. Because the data are weighted, they are probably more representative of the US population as a whole. It is unclear what percentage of the time the respondent's sex (male vs female) was given by the respondents or was not asked and inferred, based on the screening process. This limitation may have introduced significant bias in the results, particularly for the GNC adults (e.g., if a higher proportion of one of the GNC groups had the sex inferred from the screening questions rather than directly asked). This limitation is less likely to affect the results for FTM or MTF adults because the comparisons were based on their transgender identity, not sex. This limitation is unlikely to significantly affect the results for cisgender respondents. We do not know how long respondents have identified as transgender or GNC. We do not know what proportion of these respondents were on hormone therapy or for how long because this question was not included, although hormone therapy probably affects overall health status, including cardiometabolic health. Given the multiple tests conducted, some potential findings might be spurious. We used a more conservative P value of 0.01, given the number of comparisons. These results should be confirmed with additional studies and in future BRFSS surveys.
Conclusions
There are significant differences in health status measures and cardiometabolic health between subgroups of transgender adults and cisgender adults. There is a need for additional research to elucidate the societal and medical (e.g., hormone therapy) effects on these outcomes. Additionally, a growing proportion of young people identify as GNC, and their health status and mental and physical health needs are distinct from those who identify as FTM or MTF, and they warrant additional study.
